The numerical study of structures constituted from composite materials, regardless the underlying shear deformation theory used may be framed into an equivalent single-layer or a layerwise methodology. The adoption of one of these approaches is mainly ruled by the detail one needs to put in the description of the deformation kinematics and on the subsequent description of other relevant quantities such as stresses or frequencies. Being important to address both qualitative and quantitatively the influence of different parameters involved in the models and materials used to represent a structure, it is also relevant to understand how layerwise theories can predict its static and dynamic response. These different issues may be addressed by carrying out parametric studies to characterize the influence of specific parameters on the mechanical performance of sandwich and laminated composite plates. To this purpose a layerwise theory based on the first order shear deformation theory, is considered, and a set of different test cases are analyzed in light of this approach, providing results which may also be useful for later comparison purposes.
Introduction
Composite laminates and sandwich plates constitute a commonly used structural component with many applications in several areas of engineering. Whether considering one or the other type of plate, we have a multilayer configuration, where it is possible to tailor their constitution in order to achieve a better performance, fitted to specific operating requirements and to ensure a satisfactory service life. A typical sandwich structure consists of one or more layers of high-strength and high-stiffness face sheets, or skins, bonded to a core which may have significantly different elastic properties. In this layered configuration we may also consider the stacking of differently oriented fiber reinforced materials, as well as a combination of different composite materials. In any case it may be important to achieve a more realistic characterization of these structures response, namely concerning the description of the plate deformation kinematics, and therefore on the corresponding states of strain and stress distributions. The study of layered composite structures continues to attract the attention of many researchers, although the extent of the work developed so far. This may be due to continuous advances in the constitution of new materials and on their physical characterization, to the advances in technological processes, and probably also because the availability of more powerful computational resources, enables the use of more expensive algorithmic procedures and the manipulation of greater data volumes.
In the context of equivalent single-layer approaches focused on the study of sandwich or laminated composite structures, we may find many published works. Within this broad branch, we may find works based on different basis theories ranging from the classical one to the higher order shear deformation theories. Just to name a few of them, we may refer the work carried out by Reissner [1] who studied the effect of the transverse shear deformations in plates consisting of anisotropic laminations symmetrical about their midplane. Closely related to this work, Whitney [2] has developed a bending theory for simply supported laminated plates, which included transverse shear deformations. He obtained closed form solutions for bending deflections, flexural vibration frequencies, and buckling loads. Later, Lo et al. [3] presented a higher order theory devoted to the study of the of laminated plates deformation, comparing the results obtained with elasticity solutions. Pandya and Kant [4] developed a higher order shear deformation model for the analysis of the bending analysis of symmetric sandwich plates. Their model assumed a non-linear variation of the in-plane displacements and a constant transverse one. Also in the context of the equivalent single-layer (ESL) approaches, Bernardo et al. [4, 5] presented a study on the linear static and free vibrations behavior of functionally graded plates. To this purpose they have used plate models based on the first order shear deformation theory and implemented via traditional Lagrangean elements, kriging-based elements and via a meshless approach with radial basis functions. Loja et al. [6] analysed the transient dynamic behavior of sandwich structures, having a metallic core and functionally graded outer layers. The properties of the particulate composite metal-ceramic outer layers, were estimated using Mori-Tanaka scheme and the dynamic analyses considered first order and higher order shear deformation theories implemented though kriging finite element method. The transient dynamic response of these structures is carried out through Bossak-Newmark method. A framework for the formulation and the dynamic analysis computations of moderately thick laminated doubly-curved shells and panels was proposed by Viola et al. [7] . To that purpose a higher-order shear deformation theory was considered and the differential geometry was used to define the arbitrary shape of the middle surface of shells and panels with different curvatures. Following this single-layer approach, but in the context of non-linear theories, we can refer the work presented by Reddy [8] which proposed a higher-order shear deformation theory of plates accounting for the von Karman strains. Ferreira and Barbosa [9] presented a finite element model for the geometric non-linear analysis of composite shell structures. The non-linear incremental equilibrium equations were established using a total Lagrangian displacement formulation and the solution was obtained via the incremental/iterative Newton-Raphson method as well as a spherical formulation of the arc-length methods. Recently, Dehkordi et al. [10] proceeded to a nonlinear dynamic analysis of sandwich plate with flexible core and laminated composite face sheets embedded with shape memory alloy wires. This study was based on the mixed layerwise and equivalent single layer (LW/ESL) models in the framework of Carrera's Unified Formulation. It is also relevant to mention the work developed by Thai and his colleagues [11] [12] [13] [14] [15] in the context of the isogeometric analysis of laminated structures. This research field is expanding due to its versatility and integrative character; which goes from the computer aided design to the computer aided engineering wherein one may consider included the analysis of structures.
The importance and adequacy of layerwise approaches to multilayer structural elements, as more efficient alternative methodologies when compared to the equivalent single layer ones, has been an object of study and discussion, and some comprehensive studies and reviews were published upon this subject, namely the ones due to Carrera [16, 17] . In the first mentioned work of Carrera, he carried out an historical review on the zig-zag theories developed for the analysis of multilayered structures, wherein they describe a piecewise continuous displacement field in the plate thickness direction and fulfill interlaminar continuity of transverse stresses at each layer interface. In the second one referred in the present study, he made a review on the derivation of governing equations and finite element matrices for some of the most relevant plate/shell theories. He also addressed extensive numerical evaluations of available results, along with assessment and benchmarking. In a comprehensive study, Demasi et al. [18] assessed the accuracy of the variational asymptotic plate and shell analysis, when compared to different higher-order, zig-zag and layerwise theories generated through the invariant axiomatic framework denoted as generalized unified formulation. The axiomatic models were also compared to the elasticity solution developed for the case of sandwich structures with high face to core stiffness ratio. Among other works that have already been carried out within the layerwise theories, in the broad sense, we refer some. Filippi et al. [19] proposed one-dimensional layerwise theories using higher-order zig-zag functions defined over fictitious/mathematical layers of the cross-sectional area of laminated beams. Variable kinematics theories have been obtained using piecewise continuous power series expansions of an arbitrary order. Ferreira [20] combined a layerwise theory with the multiquadrics discretization to analyse laminated composite and sandwich plates. To this aim, he used radial basis functions to approximate the differential governing equations and the boundary conditions. Vuksanović and Ćetković [21] proposed Navier-type closed-form solution for static analysis of simply supported composite plate, based on generalized laminate plate theory. The mathematical model assumed a piecewise linear variation of the in-plane displacement components and a constant transverse displacement through the thickness. Nosier et al. [22] considered Reddy's layer-wise theory to carry out free-vibration analysis of laminated plates, which results were further compared with those obtained from a full-fledged three-dimensional elasticity analysis and various ESL theories. The use of LW approaches to study the dynamic behavior of damped structures has also been used by some researchers, namely by Sainsbury and Zhang [23] , Daya and Potier-Ferry [24] , Barkanov et al. [25] and Araújo et al. [26] . Sainsbury and Zhang [23] proposed a finite element for damped sandwich beam structures combining polynomial shape functions of conventional finite element analysis with Galerkin orthogonal functions. They accounted for displacement consistency over the interfaces between the damping layer and the elastic layers to guarantee good accuracy. Daya and Pottier-Ferry [24] proposed a numerical method for the exact solution of nonlinear eigenvalue problems. This method associates homotopy and asymptotic numerical techniques and it was applied to the calculation of the natural frequencies and the loss factors of viscoelastically damped sandwich structures. An inverse technique to characterize the nonlinear mechanical properties of viscoelastic core layers in sandwich panels was developed by Barkanov et al. [25] . This technique was based in vibration tests, allowing preserving the frequency and temperature dependences of the storage and loss moduli of viscoelastic materials. The use of an optimization approach based on the planning of the experiments and the response surface technique to minimize the error functional, enabled additionally the reduction of the computational cost. More recently, Araújo et al. [26] carried out optimization and parameter estimation studies of frequency dependent passive damping of sandwich structures with viscoelastic core. To this purpose he used a mixed-layerwise finite element model and the complex modulus approach to model the viscoelastic material behavior.
In the present work, the authors consider a layerwise theory based on the assumptions of the first order shear deformation theory, layer by layer. The global kinematic through the thickness is therefore approximated in a piecewise manner, being potentially advantageous when compared to other equivalent single-layer higher order theories. A study both on the linear static and free vibrations behavior of three-layered configuration composite plates is presented. The viscoelastic behavior of softer cores is not considered in the present work. A parametric assessment on the influence of different geometrical and material factors is carried out.
Materials and Methods

Composite Materials and Constitutive Relations
A laminated composite can be constructed by superposing layers of materials, which can be for example, orthotropic fibrous composite materials or isotropic materials, among other possibilities. Underlying these layers superposition, it is considered that a set of assumptions is verified, namely, that there exist a perfect adhesion among constituent phases and between adjacent layers, the inexistence of voids, the continuity of displacements and the validity of a linear elastic regime, in the structure operating conditions. In Figure 1 , we can observe a typical stacking sequence of laminae, each possessing a different fiber orientation. In the present study, one considers a layerwise formulation which assumes negligible the transverse normal deformations, within each layer, thus leading to a constant transverse displacement [27, 28] . Neglecting as well the transverse normal stress one has for an orthotropic k-th layer, the stress-strain relations in the material coordinate system (1, 2, 3):
where the subscripts 1 and 2 denote respectively the directions of the fiber and the in-plane normal to fiber, and the subscript 3 is associated to the ply transverse normal direction. , represent the reduced elastic stiffness coefficients of the k-th layer. As each layer may have a different fiber orientation, as we can observe in Figures 1 and 2 , it is thus necessary to carry out a transformation procedure so that the necessary analyses involving the whole laminate can be performed. The angle θ that characterizes the fiber orientation angle is measured between the positive senses of directions 1 and x. By performing the adequate coordinate transformation the constitutive relations in the laminate xyz coordinate system is finally given as in [29] , where represents the transformed reduced elastic stiffness coefficients, associated to each k-th layer. 
The mentioned transformation is carried out layer by layer, being not needed if for example, a specific layer has coinciding axes 1 − x (positive senses) or if one uses a material that can be considered to be isotropic. Usually, when considering an ESL approach and using a first order shear deformation theory, one uses shear correction factors to overcome the through-thickness constant prediction of the transverse shear stresses and thus to approximate the model response to the 3D elasticity distributions. The present LW model considers the FSDT assumptions within each layer, yielding to a kinematics description wherein the rotations at each layer, are independent. Under these conditions, and according to some research works [25] [26] [27] [28] , the use of the shear correction factors is not considered. However to enable a comparative study, in the present study one has considered in some cases both approaches, i.e., the use of a shear correction factor equal to 1 and equal to a commonly used value, 5/6.
Layerwise Theory and Equilibrium Equations
In the present study we have considered that the deformation kinematics of the layered plate would be described through a layerwise approach wherein each of the layers response is based on the first-order shear deformation theory assumptions and by imposing the continuity of displacements at the layer's interfaces. It is relevant to note that the stresses that result from the constitutive relation (Eqn. 2) may not satisfy the continuity of tractions across these interfaces. However the deviations introduced by this approximation is considered acceptable, as reported by other researchers [27, 28] . Similar approaches have been used in the context of the dynamic analysis of viscoelastic sandwich beams and plates, by Barkanov et al. [25] and Araújo et al. [26] . The prediction of the transverse shear stresses within each layer yields a constant value, according to the constitutive relation, thus leading to a stepwise distribution profile. However, a continuous distribution may be obtained if one uses the elasticity equilibrium equations in a post-processing phase. To illustrate the specific case of a three-layered configuration, independently of the nature of the constituent materials, we present in Figure 3 , a schematic representation of the kinematics of the present approach. The major reason for the use of the first order shear deformation theory is related to its minor computational cost when compared to other approaches. If one considers higher order displacement fields in layerwise or equivalent single layer theories, the dimension of the problem can become significantly higher. If one would aim to proceed with a failure analysis, for instances, it would be at any time possible, in a post-processing stage, to calculate the transverse normal and shear stresses via the equilibrium equations. Considering this three-layered configuration, and according to the referred kinematics assumptions, the middle layer (core) displacement components, , , , respectively along the , , directions, are described as:
where and are the in-plane displacements at any point characterized by the coordinates , , , at a generic time instant ; and denote the in-plane displacements of a point in the plate mid-plane , , 0, ; is the transverse deflection; and and are the rotations of the normals to the core layer mid-plane about the and axes, respectively. After the imposition of displacements' continuity at the layers' interfaces, the displacement fields for the upper (1) and lower (3) layers, are respectively given as:
, , , ,
where is the th-layer thickness and ∈ /2, /2 are the th-layer coordinates. Considering the kinematical relations from the elasticity for small deformations, we obtain for a generic layer (omitting time and spatial coordinates' dependency): (6) and p. After the constitution of the element matrices and vectors, and their subsequent assembly considering the discretized domain, we can write the equilibrium equation: (12) where , , represent respectively the global elastic stiffness and mass matrices and the global load vector, and , stand for the generalized displacements and accelerations vectors. The vector of the generalized degrees of freedom is then given as:
Assuming free harmonic vibrations we'll have:
with ω representing the ith natural frequency associated to the ith vibration mode q . For a linear static problem, the equilibrium equation becomes reduced to:
In any case, these equilibrium equations are solved only after the imposition of the boundary conditions associated to the problem under study.
Results and Discussion
The laminated plates considered in the studies carried out possess a three-layered configuration and comprise two main types of plates: a first one where the outer layers are made of orthotropic composite layers and the core is an isotropic foam. In the second group of plates, all the layers are from orthotropic composite materials. The composite layers consider a 60% volume fraction of long reinforcement fibers (carbon or glass) embedded in an epoxy resin. Tables 1 and 2 , present the properties used in the present study. Concerning to the materials presented in Table 2 , which properties were consulted in the manufacturer site [30] and more specifically to the softness of the core, it is important to say that to obtain a more effective prediction of the response of a soft core sandwich it would be advisable to adopt a more adequate approach that takes into account its viscoelastic behavior. The study of soft core sandwich structures constitutes an investigation field where others researchers have been carrying out different studies. Among others we may refer Daya and Pottier-Ferry [24] , Barkanov et al. [24] and Araújo et al. [26] . Considering however just the elastic behavior, a higher order methodology may be an approach to consider in particular if the aspect ratio of the plates is not high. The transverse displacement and the stress components determined in the different case studies, as well as the natural frequencies, are presented in a non-dimensional form using the following multipliers:
, (16) The points where these quantities are assessed, as well as its plate spatial correspondence can be respectively exemplified in Figure 4 . In Table 3 , the presented coordinates are exemplified for a situation where all the layers have equal thickness. Table 3 . Points of deflection and stresses evaluation (illustrated xz plane).
The present layerwise model was implemented using a Lagrange quadrilateral plate finite element model with nine nodes, each having nine degrees of freedom, according to equation 13. The discretization used comprised a 12 12 plate elements mesh, unless otherwise stated. In this work, one considers aspect ratios ranging from five to twenty. As it would be possible to observe, the results obtained, allow to conclude that thicker composites can still be analyzed using this theory. If one considers thinner laminates, a simpler theory may be more adequate.
Validation Studies
Two first case studies were considered in the present work, to validate the results obtained using the layerwise model taking as reference the results obtained by other authors. The first case is devoted to the static analysis of a sandwich plate, and the second case is focused on the characterization of the eight first natural frequencies of a laminated composite. The discretization considered for the studies carried out was a 12 12 mesh.
Sandwich Plate Under Uniform Load
In this first case, one considered the static analysis of a simply supported square sandwich plate having skin thicknesses of 0.1 h each, and a core thickness equal to 0.8 h, being (h) the total thickness. The plate is submitted to a uniformly distributed transverse load. The elastic stiffness coefficients of the sandwich core are expressed in the matrix, , as [31] : The skins' elastic stiffness coefficients are related to the core coefficients by a factor R as follows:
The results obtained, namely the transverse displacements and the stresses are presented in a non-dimensional form using the multipliers,
In Tables 4-6 one summarizes the transverse displacements and the stresses in non-dimensional form, for different ratios (R) between the elastic stiffness coefficients of the skins and the ones of the core. The present results are denoted in Tables 4-7 by Q4 and Q9 to denote the two quadrilateral bilinear and biquadratic finite elements used.
As it is possible to conclude, the present results show a general good agreement with the reference solutions. The results obtained with the LW-Q9 model are in good agreement with the ones obtained by Ferreira et al. [27] which used a LW theory and radial basis functions discretization. Although in the present work, one only presents results obtained with nine-node elements, the results obtained with the four-node element implement can be observed also in these tables. A good agreement is found with Ferreira [32] solution which used a bilinear quadrilateral finite element based on a simplified formulation where the membrane degrees of freedom were neglected. Considering a shear correction factor of 5/6, the results will be the ones presented in Table 7 . As it is possible to conclude, and as expected, the use of a shear correction equal to 5/6, produces alterations in the different quantities presented. In the present cases, the agreement with the reference solutions is better when k = 1.
Fundamental Frequencies of Laminated Plates with Different Stiffness Ratios
This second validation study, considers a cross-ply simply supported laminated plate with the following stacking sequence [0º/90º/90º/0º]. The thickness-to-span ratio / is 0.2 and the thickness of all the plies is equal. The material properties of the composite are ⁄ 10, 20, 30, 40 ; 0.6 ; 0.5 ; 0.25. Table 8 presents the fundamental frequency in a non-dimensional form using the multiplier . From Table 8 it is possible to conclude on the good agreement with the reference results for the different stiffness ratios considered. As we may conclude, in these cases the use of a unit shear correction factor yields a better agreement when compared to the use of a 5/6 shear correction factor. Figure 5 the corresponding first eight vibration modes. The results obtained in the free vibrations analyses carried out, are presented in Table 9 . Table 9 . Non-dimensional natural frequencies for the laminate plate. The frequencies in Table 9 are non-dimensionalized using the corresponding multiplier in Eqn. 16 . We can also observe a general good agreement with the reference results.
Case Studies
Influence of Core on the Static and Free Vibrations of a Sandwich Plate with Composite Skins
Following the previous validation studies, we considered a case study where the inner layer, the core, was made from different density polyvinyl chloride (PVC) foams [30] . This configuration is able to present a favorable lightweight solution, namely when the structure weight can be a constraint.
To this purpose one has studied the effect of considering different foams with different thicknesses. The outer layers, were assumed to be made of unidirectional carbon-epoxy or glass-epoxy composite. The material properties are presented in Tables 1 and 2 , and an aspect ratio a/h = 10 was considered. The plates were subjected to a uniformly distributed transverse load (1 Pa). The maximum deflection and the first five natural frequencies for a sandwich configuration with carbon-epoxy skins and a core with 10 mm and 15 mm thickness are respectively presented in Tables 10 and 11 , in a non-dimensional form. The thickness of each skin is 2 mm, in both cases. From Table 10 , we see that as we go from the H35 to the H250 foam core, the maximum deflection decreases, which is expected as the foams provide an increasing stiffness to the plate. Concerning to the frequencies we observe an opposite trend as expected. Table 11 presents now a similar set of studies, considering a thicker core. Again we observe that the maximum deflection decreases for the higher density cores configurations, and the frequencies increase. We see additionally that in this last situation, where the core is thicker but the skins have the same thickness, we achieve a less stiff solution, which would be expectable.
The identification of the core material in the horizontal axis of the graphics, correspond to the core identification in Tables 10 and 11 , CE and GE denotes the carbon-epoxy and glass-epoxy skins. Similar trends are observed if one considers glass-epoxy skins, as depicted in Figures 6 and 7 . In addition to the stiffening effect provided by the two types of skins at different distances from the middle-plane, it is also worth of mention the evolution of the Young's modulus and the density for the different cores configurations considered. We may conclude from the material data ( Table 2) that we have a greater gradient in the case of the Young's modulus, although for the second core, the evolution rate of the Young's modulus is lower. Considering these aspects, the static and dynamic response of the sandwich plate in the neighborhood of this second configuration becomes clearer. Also concerning to the remaining response evolution, the evolution rate of the Young's modulus slows down again in the case of the seventh core, but not the density one. This is again visible in the responses (Figures 6 and 7) . Globally, we can conclude that despite the proximity perception of the curves which may be affected by the magnitude of the different scales' axes; the thicker these cores are, the greater the deflection and the minor the fundamental frequency of the sandwich plate. Moreover, when we consider a growing density core, regardless its thickness, the fundamental frequency increases and the deflection decreases.
Influence of Geometric Ratios on the Static and Free Vibrations of Three-Layered
Composite Plate
In order to characterize the influence of plate aspect ratio (a/h) in its mechanical response, we considered a unit edge length, simply supported square laminated plate [0º/90º/0º], subjected to a uniformly distributed transverse load (1 Pa) and three side-to-thickness ratios (a/h 5, 10 and 20). The material properties of the carbon-epoxy composite used in the plate are listed in Table 1 , and the transverse displacement and the stress components are presented in non-dimensional form.
In Table 12 we can observe the non-dimensional transverse displacement and stresses for the three aspect ratios. Additionally we can also see how the plate behaves if for each a/h we consider the variation of the skins thicknesses in an equal manner. We can conclude that as the aspect ratio (a/h) increases, the plate goes thinner and the non-dimensional transverse displacement also increases. A similar response pattern is visible in the case of the stresses. For a specific a/h when we consider the thickening of the skins (h k ) we can conclude that the increasing trend also occurs for the transverse displacement. In the case of the evolution of stresses, it shows a similar consistent trend.
In Table 13 it is also possible to see the first four non-dimensional natural frequencies, for the same aspect ratios and skins' thicknesses. Regarding the natural frequencies, it is possible to see that as the aspect ratio increases, the natural frequencies decrease. This pattern trend is also visible when the thickness of the middle layer decreases.
Influence of Fiber Orientation on the Static and Free Vibrations of Three-Layered
To characterize the effect of the fibers' orientations on the static and free vibration behavior of the previous plates, we carried out another study. To this purpose we have considered three types of laminates, which stacking sequences may be summarized as [θº/0º/θº], [−θº/0º/θº] and [−θº/90º/θº]. The material properties of the composite and the aspect ratios considered were the same of the previous case study and the transverse displacement and the stress components are again presented in a non-dimensional form. The results obtained are presented in Tables 14 to 15.  From Table 14 it is possible to conclude that angle-ply and cross-ply three-layered laminates perform more conservatively specially for thick and moderately thick laminates. The results obtained for the stresses' components are in accordance with this.
The natural frequencies in Table 15 present a consistent trend with the Table 14 results. When the outer plies do not follow the same unidirectional angle of the core, the fundamental frequency, as well as the other higher order frequencies, becomes higher, being higher in the case of the 45º outer plies' laminate. Again this effect is more significant for thicker plates. From these results, one may conclude that the better stacking sequence concerning the minimum transverse deformation and the maximum fundamental frequency is presented the [45º/0º/45º] laminate. In Table 16 , we can now observe the static response of the plates that possess a symmetric orientation angle in the outer layers. From Table 16 we see that when the angles of the outer layers are symmetrical, the laminate presents a stiffer behavior, when compared to the configuration in Table 14 . One may also conclude that the better stacking sequence concerning the minimum transverse deflection is given by the [−45º/0º/45º] configuration. In Table 17 , for the same laminates, we may conclude on a similar pattern in the opposite sense (maximum frequencies values) concerning the natural frequencies. Next, in Table 18 , we present, the non-dimensional maximum deflection and stress components for the [−θº/90º/θº] lamination, where the lamination [−45º/90º/45º] shows to be more favorable, similarly with the results in Table 16 , due to the equal thicknesses configuration considered.
A similar conclusion concerning the more favorable stacking configuration, may be drawn for the fundamental frequency and higher ones, in Table 19 . In Figure 8 , by comparing the three sets of the previous deflection results for an aspect ratio a/h = 10, we conclude that for the studied laminations, the solution [−45º/0º/45º] provide a stiffer plate.
Similarly for the non-dimensional fundamental frequency, presented in Figure 9 , we arrive at a similar conclusion, concerning the maximization of that frequency. thickness in all layers. The boundary conditions, loading and the discretization used are identical to the ones in the previous case studies. The material properties used in the present case, are shown in Table 1 . Again the results are presented in a non-dimensional form. The results obtained can be observed in Table 20 and in Figure 10 and 11, respectively for the static and free vibrations analyses. In Table 20 , GE and CE represent respectively the glass-epoxy and the carbon-epoxy composite. From Table 20 we conclude that, as expected the carbon-epoxy composite provides a stiffer plate when compared to the glass-epoxy composite laminated plate. As previously, as the aspect ratio increases, the deflection follows the same increasing trend. The stress components accompany an identical behavior to that one already observed.
Concerning to Figure 10 , it is important to note that the results are presented in a non-dimensional form (Eqn. 16). So, assuming that the linear elastic operating conditions of the structure would be not compromised, if we considered further increases in the aspect ratio, this doesn't means that the frequencies would be the same, irrespective to the material nature. As expected, also in Figure 11 we may conclude on the stiffening effect of the carbon in the composite, yielding higher fundamental frequencies regardless the aspect ratio value. In the legend of Figure 11 , GE and CE stand respectively for glass-epoxy and carbon-epoxy. From this figure we may see extended to the higher vibration modes, the conclusion that the carbon-epoxy plates present higher frequencies' values when compared to the glass-epoxy ones. It is also possible to globally observe that the natural frequencies present a decreasing trend for higher aspect ratios.
Conclusions
This work presents a study on the static and free vibrations response of sandwich and laminated composite plates, carried out through a first order shear deformation layerwise theory. The parametric analyses carried out allowed characterizing the influence of material and geometrical properties of these plates. Summarizing the results obtained in the different parametric studies carried out, it is possible to conclude on the importance of the sandwich core stiffness as well as on the nature of the reinforcement fiber and on the stacking sequence in the case of the three-layered fiber reinforced composite. The influence of the geometrical parameters considered namely the plate's aspect ratio and the layers thicknesses was also verified in both cases. Globally, one considers that the results obtained in this parametric study, contributes to the understanding of the static and free vibrations behavior of sandwich and three-layered composite plates. It is also relevant to add that this layerwise theory, besides the achievement of a detailed kinematics description, may be computationally less expensive when compared to other equivalent single-layer higher order theories. 
